(Received for publication March 19, 1947) Peptidemia is a recurring concept of pathological chemistry which never has been either completely established or disproved. In a literature of about 100 papers only a few studies have been based upon methods which characterized the component measured as amino acids in conjugated forms.
The reported studies appear to indicate that intermediate protein degradation products frequently enter the blood in disease, so much so as to deprive their determination of diagnostic value.
Schweriner in 1920 (1) reported little if any peptides in mercuric chloride filtrates of normal blood but substantial amounts in neoplastic disease and in some types of liver disease. Blau (2) found elevated peptide nitrogen (1 to 8 mgm. per cent) in the blood in a number of diseases including 9 cases of hypertension. Becher and Herrman (3) found normal levels in carcinoma but high levels in severe renal insufficiency. Martens (4) reported concentrations of 8 to 13 mgm. per cent in severe hepatic and renal disease. Polonovski and Driesens (5) claimed that blood polypeptides were increased by as much as 4 times postoperatively, reaching a maximum 5 or 6 days after surgery. Hannaert and Wodon (6), Kalmykoff (7) , Kotschneff (8) , London and Kotschneff (9) , and Martens (10) have reported evidence to show 1 Certain difficulties in terminology must be considered. The investigations reviewed here, and the present study as well, measured not peptides but amino acid conjugates which yield free amino acids upon hydrolysis. Although these conjugates usually have been supposed to be peptides, they may include proteins or such substances as hippuric acid. For simplicity we are using the inexact terms "peptides" and "peptide" nitrogen for these conjugates as determined by the procedures described here. Note that the ninhydrin method used by us yields all of the a-amino groups of a typical peptide as "peptide" nitrogen, none as free a-amino nitrogen, although one (the terminal) of these amino groups is not involved in a peptide bond. With the nitrous acid method, on the other hand, a dipeptide, for example, would yield one of its amino groups as free and the other as conjugated.
that ingested proteins were absorbed into the portal circulation partially as peptides and that the peptide content of the blood was modified upon flowing through the liver.
The principal ideas as to the clinical significance of peptidemia may be classified as follows:
1. That peptidemia is characteristic of neoplastic disease.
2. That peptidemia occurs after surgery or trauma or in certain types of shock, presumably because during increased protein catabolism, intermediate protein split-products may be released into the blood stream. This does not necessarily follow. Only slight increases of blood peptides were observed in proteose intoxication ( 11 ) and in histamine shock (12) although protein catabolism was strongly accelerated. "Peptide intoxication" as a humoral syndrome occurring after surgery, trauma or burns, proposed by Polonovski and Driessens (5), has been supported by several investigations. Postoperative peptidemia has been suggested as a precipitating factor in intravascular clotting (13) . 3 . That peptidemia occurs in hepatic disease, presumably because of the loss of a supposed hepatic function of clearing peptides from the blood.
4. That protein degradation products in the blood stream may be toxic and etiological agents in a number of diseases, including:
(a) hypertension (2, 14) , (b) toxemias of pregnancy (15) (19) . Dialysis of plasma must be very brief if proteolysis is to be avoided.
2. Analysis of serum or defibrinated blood. "Peptides" are formed in the course of clotting (19) . 3 . Analysis of whole blood. Erythrocyte glutathione contributes a major part of blood peptides. Apparent changes of blood peptides may arise from changes in hematocrit or from differences in the recovery of glutathione in blood filtrates (18) .
In addition, the incomplete specificities of the analytical procedures, especially of the Folin amino acid method in its unmodified form, have probably contributed to the non-agreement.
Undetermined nitrogen in azotemia. In many cases of azotemia, notably "irreversible" azotemia following severe burns (20 to 22), a substantial part of the non-protein nitrogen has not been identified. The possibility frequently has been suggested that peptides might account for much of the unidentified nitrogen.
In brief, there is a wealth of ideas as to the pathological significance of peptidemia, but the experimental support is poor because of the inadequacy of the chemical procedures used. We have investigated the question employing the manometric ninhydrin procedure for amino acids, and using for the removal of proteins a combination of chemical deproteinization and dialysis (19) . Such elevations of plasma "peptides" as we observed in a varied group of diseases were by no means as large as those previously reported, and were not sufficiently remarkable to give the determination diagnostic value, nor to contribute largely to the undetermined non-protein nitrogen of plasma.
EXPERIMENTAL
Plasma from heparinized venous blood (from fasting subjects except as indicated) was at once diluted with 4 volumes of redistilled water, and 5 volumes of dilute tungstic acid (23) or of 5 per cent trichloroacetic acid were added slowly. After 30 minutes the suspensions were centrifuged and the supernatant solution filtered. Free a-amino nitrogen was determined promptly upon 6 to 8-ml. aliquots of the tungstic acid filtrates at pH 2.5, or upon picric acid filtrates, by the manometric ninhydrin procedure (24) . The result was corrected for the urea found present, except when a high urea concentration was anticipated, in which case urea was removed by urease.
A 30-to 50-ml. aliquot of the tungstic acid filtrate was dialyzed in a %-inch cellophane. tube against a single measured portion (60 to 80 ml.) of redistilled water for 24 hours at 50 C. on a slowly rotating wheel. Trichloroacetic acid filtrates were first freed of trichloroacetic acid by ether extraction (18) , concentrated in vacuum, made to 25 ml. and a 24-ml. aliquot likewise dialyzed. A maximal aliquot of the dialysate was concentrated and hydrolyzed in a sealed tube at 1100 C. for 24 hours in 4N hydrochloric acid. The hydrolysate was taken to dryness in vacuo, remoistened and dried again, 10 ml. of water added, and 3-ml. aliquots of the resultant solution were analyzed for a-amino nitrogen at pH 2.5. The difference in the 2 analyses (total diffusible a-amino nitrogen minus free a-amino nitrogen) is the conjugated diffusible a-amino nitrogen, due to peptides and other amino acid conjugates. It is for this category that the term "peptide" nitrogen is used here, with the qualifications already noted.' RESULTS Normal concentrations. Twenty-one tungstic acid filtrates of plasma from persons in the postabsorptive state contained an average of 0.9 mgm.
per cent of conjugated a-amino nitrogen (18) .
Such filtrates, however, contained from 0.2 to 0.5 mgm. per cent of conjugated a-amino nitrogen which was not dialyzable, this presumably being due to proteins (18) . Six filtrates studied consecutively in June 1946 (19) contained no measurable dialyzable conjugates ("peptides"). Fourteen samples analyzed subsequently contained an average of 0.51 mgm. per cent (S.D.= 0.07; range 0.08 to 0.89 mgm. per cent) of "peptide" nitrogen. One may conclude that "peptides" are usually but not invariably demonstrable. Trichloroacetic acid filtrates generally showed slightly higher concentrations of these "peptides" (range, from 0.0 to 1.5 mgm. per cent "peptide" nitrogen). Most of the difference, however, in the total nitrogen content of these 2 types of filtrates is due to protein. As to the nature of these "peptides," glycine analyses indicated that hippuric acid, glutathione or serylglycylglycine made no large contribution. From acidified tungstic acid filtrates only small fractions of the conjugates were extracted by ethyl acetate.
Effect of protein ingestion. The peripheral venous plasma did not contain increased quantities of "peptides" after the ingestion of 100 grams of gelatin (25) or of 35 grams of egg white protein.
The ingestion of a quart of milk, or of 35 grams of casein, led not to an increase but to a decrease in the "peptides" of plasma (Table I ). This strange effect has been obtained 9 times in 10 experiments. This effect was not produced, in control experiments, by: (a) continued fasting, (b) the ingestion of 35 grams of starch, (c) drinking 1. Detailed study (Table II) of a group of patients exposed to various major surgical procedures failed to show any definite effect upon the "peptides" of plasma (although the free amino acids were always reduced [26] ) or upon the urinary excretion of free or conjugated amino acids. The preoperative and postoperative concentrations of plasma "peptides" were somewhat higher than the average for normal subjects, but not outside the normal range. The increased protein catabolism which occurs postoperatively apparently does not result in the appearance of increased amounts of intermediate degradation products in the plasma.
Peptidemia in various diseases. ease, even if severe, of venous thrombosis, of severe burns without azotemia, or of a number of other conditions. Somewhat elevated values appeared to occur in the nephrotic syndrome, and also in some cases of azotemia, but no level above 2.5 mgm. per cent of "peptide" nitrogen has been observed. While one cannot conclude that the rather small elevations observed in disease are without physiological significance, no indication of diagnostic value of the analysis has been obtained, nor do peptides and other conjugates appear to make any major contribution to the undetermined non-protein nitrogen of plasma.
Subjects showing the higher concentrations of "peptides" in the plasma did not regularly excrete larger quantities in the urine. On the other hand whenever the plasma peptide nitrogen is elevated by a few mgm. per cent by the intravenous injection of peptides (in the form of incomplete hydrolysates of protein) there is a massive peptiduria (27, 28) . A dissimilarity is apparent in the nature of the "peptides" of plasma in the two situations.
Other body fluids. Several cerebrospinal fluid samples (by lumbar puncture) contained from 0.2 to 0.8 mgm. per cent of "peptide" nitrogen (Table  IV) . Tungstic acid, trichloroacetic acid and picric acid all left in solution a large fraction (15 to 50 per cent) of the protein of normal cerebrospinal fluid. Seminal plasma was unusually rich in free amino acids and in peptides, probably because of the presence of strong proteolytic activity, which led to the release of nearly 100 mgm. per cent of free amino acid nitrogen in 12 hours at 20°. Pathological accumulations of chest fluid, 'ascitic fluid, and synovial fluids appeared to contain "peptide" nitrogen in the range of 1 to 3 mgm. per cent. 2. Tungstic acid filtrates of the plasma of normal fasting persons contained usually less than 1 mgm. per cent of conjugated, non-protein, amino acid nitrogen, and in some cases the concentration was too small to be measured. Protein ingestion did not increase the concentration of conjugates; in fact, milk or casein produced decreases.
3. Surgical procedures failed to produce increases of the "peptides" of plasma, nor were significant changes produced in the urinary excretion of free or conjugated amino acids. 4 . While the plasma of patients with a variety of diseases contained as an average somewhat more amino acid conjugates than the plasma of normal persons most of the values were not outside the range encountered in normal persons. Elevated values did not appear to be characteristic of neoplastic disease, hepatic disease, or venous thrombosis. Somewhat elevated values were observed in nephrosis, but no value above 2.5 mgm. per cent of "peptide" nitrogen has been observed. 5 . The free and conjugated amino acids of a few other body fluids have been reported. 
